MECHANISMS OF RADIATION-INDUCED CANCER                                                 139

tion damage which leads to malignant transformation in the expression of
that damage and in the promotional phase of cancer development.

The mechanism of tumor promotion is still obscure. Promoters such as
phorbol esters are known to interrupt intercellular communication in some
cell populations (Tr82), and they have traditionally been thought to be
nonmutagenic (Ma83) and thus to act through effects on gene expression
(Bo74). Recently, however, some such agents have been found to pro-
duce chromosome aberrations (Em81), aneuploidy (Pa81), sister chromatid
exchanges (Ki78, Na79), and single-strand breaks in DNA (Bi82). Many
promoting agents, moreover, induce free radicals in cells (Go81, Fi85).
These free radicals can, in turn, damage DNA It is noteworthy, therefore,
that free radical-generating agents can act as tumor promoters (Ke86) and
that inhibitors of free radical reactions can suppress tumor promotion in
some systems (S183).

Radiation itself also can enhance tumor promotion, tumor progression,
and the conversion of benign growths to malignant growths (Ja87). Tb the
extent that the effects of radiation are mediated by free radicals (Li77),
which can also mediate the effects of promoting agents (Co83), sequen-
tial exposures to radiation may serve to promote tumorigenesis through
mechanisms similar to those of chemical promoting agents.

Natural hormones also may promote carcinogenesis in irradiated indi-
viduals. However, it is not yet clear how comparable the effects of hormones
are compared to the effects of the classical promoting agents. Hormonal
promotion conceivably may be mediated through physiological effects on
the proliferation and differentiation of cells (C186a,b, Wa88). It may also
be mediated through autocrine growth factors or their receptors, such as
those that may be under the influence of certain oncogenes (Sp85). In
some cases, hormones may actually suppress tumor promotion by inducing
differentiation in cells that are at risk

Other factors capable of having a highly significant effect on the various
stages of carcinogenesis include age, sex, genetic constitution, capacity
to repair DNA, carcinogen metabolism, immunologic status, and dietary
factors such as caloric intake (Su73).

Radiobiological Factors Affecting Oncogenic Transformation

During the past two decades, much information has been gathered
about radiation carcinogenesis from experimental systems in which cul-
tured mammalian cells are transformed to a malignant state by exposure to
radiation. In vitro transformation assays have been used extensively to study
the carcinogenic effects of radiation in a highly quantitative fashion and in
a defined environment. One major advantage of such in vitro systems is